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DOCUMENT- IDENTIFIER: US 6504224 Bl 

TITLE: Methods and structures for metal interconnections in 
integrated circuits 

Rrief Summary Tfixt (2) : 

The present invention concerns methods of making, or fabricating, 
integrated circuits, particularly methods of forming i ntfirnnnnftrt- s . 

Drawing Dfiflrri pt i on Text (13) : 

FIG. 9 is a cross- sect ional view of an integrated-circuit assembly 
embodying a coplanar hybrid i ntfirnnnnent system; and 

Drawing Description Text (14) : 

FIG. 10 is a cross-sectional view of an integrated-circuit assembly 
embodying a two-level (non-coplanar) hybrid i ntfirmnnprt system. 

Dfttailftd DfiRr.ript.ion Text (3) : 

The detailed description includes two sets of separate but 
overlapping embodiments of the invention. The first set of 
embodiments, illustrated principally with FIGS. 1-8, pertains to a 
preferred method of making single- and multi-level interconnective 
structures. The second set of embodiments, illustrated principally 
with FIGS. 9 and 10, concern hybrid i ntprponnept structures which 
combine air bridges with structures exemplified in the first set of 
embodiments . 



Detail fid Description Text (4) : 
Preferred Method of Making Single- 



and Multi-Level Interconnects 



Detail en 1 Description Text (14) : 

After the reaction, a small amount of germanium may remain on 
metallic structure 22' . Additionally, any metal from metal layer 22 
that remains on the surface of layer 18, such as an aluminum alloy 
of the preferred embodiment, may contain titanium si 1 in' de and 
silicon-germanium agglomerates. These are removed by 
chemical -mechanical polishing or other suitable techniques. 

Pfitailfid Description Text (20) : 

Preferred Rybri d Tnterponnfipts Incorporating Low- Capacitance Air 
Bridges 

Detailed Description Text. (21) : 

FIGS. 9 and 10 show two integrated-circuit assemblies which 
respectively combine the low-capacitance structures of FIGS. 3 and 
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-8~wjrtrfe^l-©w— capa^ new hybrid structures . 

In particular, FIG. 9 shows an integrated-circuit assembly 40 
embodying a coplanar hybrid -i nterronnert system which combines two 
distinct types of low-capacitance -i nfftrrnnnfirt structures: a first 
-i ntfirnonnprt structure 42 (on the left) , and a second i nterronnect 
structure 43 (on the right). Structure 42, identical to the 
previously described structure of FIG. 3, connects transistors 14a 
and 14b on substrate 12 via conductive vias (or contacts) 16a and 
16b and aluminum conductor 22'. For reduced capacitance, conductor 
22' is embedded in porous insulation 18" which has a low dielectric 
constant. Structure 42 is preferably formed as detailed through the 
above description of FIGS . 1-3. 

Detailed Description Text (22) : 

Tntprrnnnpnt structure 43 comprises an air bridge 44, which in turn 
comprises an aluminum conductor 44a and ai r ravi ty 44b. Conductor 
44a, which is substantially coplanar to conductor 22', electrically 
connects vias 16c and 16d and thus electrically connects 
corresponding transistors 14c and 14d. The presence of a i r cavi ty 
44b, which has a unity or near-unity dielectric constant lower than 
even that of porous insulation 18", minimizes line capacitance 
between these transistors. 

Petai led Description Text (23) : 

Air bridge 44 is built conventionally by forming conductor 44a on 
an underlying, sacrificial support structure (not shown) and then 
removing the support structure to leave air cavity 44b. In 
conventional processing, the sacrificial support structure consists 
of photoresist or other material which can be easily dissolved or 
etched away. For further details on this known process, see U.S. 
Pat. No. 5,510,645 entitled Semiconductor Structure Having an Air 
Bridge and Method of Forming the Semi conductor fit-r-urtn-re and U.S. 
Pat. No. 5,324,684 entitled Method of Forming Semi conductor 
st-mot-nre Having an Air Region, both issued to Fitch et al . and 
both incorporated herein by reference. 

D^fa-i-)^ Description Text (25) : * 

FIG. 10 shows an integrated-circuit assembly 50 embodying a 
two-level (non-coplanar) hybrid i nterconnect system which, like 
assembly 40, combines two types of low-capacitance i nteroonnect 
structures. Assembly 50 includes an air bridge 54 which connects 
integrated-circuit assemblies 52 and 53. Assemblies 52 and 53, both 
of which are structurally identical to the previously described 
assembly of FIG. 8, embed aluminum conductors 22' in porous 
insulation 26". Conductors 22" are connected to vias 30', which are 
electrically connected via air bridge 54. 

Detailed Description Text (26) : 

Air bridge 54 comprises aluminum conductor 54a and air cavity 54b. 
Conductor 54a, which occupies a plane above that of conductors 22', 
electrically connects vias 30' and thus electrically connects 
transistors 14a and 14b to transistors 14c and 14d. Air bridge 54 
as well as assemblies 52 and 53 are fabricated according the 
methods described above . 

Other Re ference Publication (5) : 

Ashburn, P., et al . , "Comparison of Experimental and Theoretical 
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4^g-H-Vt^^<M ^ Transistors", IEEE Trans, on 

Electron Devices, vol. ED-31, 853-60, (1984). 

Other Reference Publication (17) : 

Chor, E.F., et al . , "Emitter Resistance of Arsenic- and 
Phosphorus -Doped Polygi 1 i oon Emitter Transistors", IEEE Trans, on 
Electron Devices, 6(10), pp. 516-518, (Oct. 1985). 

Othpr Pfifp-rgnr.e Publication (26) : 

Friedrichs, P., et al . , "Interface Properties of 

Mpf.al -Qyidp -Spmirnndnrt-or Structures on N-type 6H and 4H-SiC", J. 
Applied Physics, 79, 7814-7819, (May 15, 1996) . 

Other Rftfftrp.Tinfi Publication (70) : 

Schoenfeld, 0., et al . , "Formation of Si Quantum dots in 
Nanocrystalline silicon", Proc . 7th Int. Conf . on Modulated 
Semiconductor Structures, Madrid, 605-608, (1995) . 

Other Reference Publication (85) : 

Uchino, T., et al . , "Very High Speed Silicon Bipolar Transistors 
with In-Situ Doped Pol yen 1 i con Emitter and Rapid Vapor-Phase Doping 
Base", IEEE Trans, on Electron Devices, vol. 42, No. 1, 406-12, 
(1995) . 

Oth^r Reference Publication (90) : 

Walczyk, F . , et al . , "Tailoring Interfacial Oxide for Pol ysi 1 i rnn 
Bit-Cell Contacts and Emitters with In Situ Vapor HF Interface 
Cleaning and Polypi 1 i oon Deposition in a 4Mbit BiCMOS Fast Static 
RAM", IEEE Bipolar Circuits and Technology Meeting, 84-87, (1992). 

Othpr Rp fftrftnrp. Publication (102) : 

Fukuda, Y., et al., "A New Fusible-Type Programmable Element 
Composed of Aluminum and Pol ygi 1 i con " r IEEE Trans, on Electron 
Devices, ED-33, 250-253, (Feb., 1986). 

Othpr Re f erence Publication (107) : 

Horie, H., et al . , "Novel High Aspect Ratio Aluminum Plug for 
Logic/DRAM LSi's Using Pol ysi 1 i oon -AI uminum Substitute", Technical 
Digest: IEEE International Electron Devices Meeting, San Francisco, 
CA, 946-948, (1996) . 

Other Rftfprfincfi Publication (123) : 

Ushiku, Y., et al . , "Planarized Silver Interconnect Technology with 
a Ti Self -Passivation Technique for Deep Sub-Micron ULSIs", 1993 
Symp. on VLSI Technology: Digest of Technical Papers, 121-122, 
(1993) . 
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